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Plasma-debris damages a EUV-collection-mirror and degrades its reflectivity. This is a critical issue for most of plasma EUV sources and its mitigation is required.
In this paper, we propose a new approach to mitigate the debris effects. In generally, the plasma-debris occurs deposition and/or sputtering on the mirror surface, but the latter is more serious.
Our idea is to use a sputtering-resistant mirror with a very hard coat for grazing-incidence EUV collectors. For this hard coat, new diamond-like carbon (DLC) film is proposed.
The DLC film formed by Ar cluster ion beam assisted deposition, which was developed in our laboratory (LASTI), has the high hardness of 50GPa.
To evaluate the DLC coating as EUV mirror, we measured 1) its reflectivity by using our SR(Synchrotron Radiation) facility “ NewSUBARU”, 2) its focusing performance of the cylindrical mirror and

3) its erosion rate (compared with Ru coating) by using our Xe - LPP source.
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GCIB-DLC (High Hardness film)

Diamond-like carbon (DLC) films with high hardness were
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Erosion rate calculated for Xe ion
Sputtering (SRIM2008)
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The erosion rate at the DLC were 1~3 order of magnitude less than

that at Ru.
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A sputtering-resistant mirror at the DLC.
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The measured reflectivities agreed with the calculations.

Focusing test by cylindrical DLC mirror

The EUV intensity profiles at a focal plane
were by pin-hole scanning.
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with the calculation (line).
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Measurement of depth sputtered by Xe
plasma (AFM)

DLC and Ru test samples were exposed to
Xe plasma.
Distance :100mm, incidence angle: Odegree
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Using a sputtering yield
calculated by SRIM and an ion
flux measured, sputtered depth
were calculated to be
0.3nm at DLC and-21nm at Ru

nirTor, respectively.
The measured results agreed with
the calculations.

The erosion rate by Xe ions for the DLC coating was
an order of magnitude less than that for the Ru

Erosion rate calculated for Sn ion
sputtering (SRIM2008)

1E-17
1E-18 |
1E-19 E
1E-20 |
1E-21
1E-22 |
1E-23 [
1E-24 . . .

0.01 0.1 1

—+Xe

< Sn bLC

Normalized emission rate (um cm?)

100
Energy (keV)

The erosion rate by Sn ions was same as by Xe ions.

In the test of mirror reflectivity and focusing for the new DLC coating with the high hardness, the measured results were in good agreement with the calculations. These indicate the DLC coating can be
used for EUV mirror. The measured erosion rate by Xe ions for the DLC coating was an order of magnitude less than that for the Ru coating. The SRIM code calculation showed that the erosion rate by Sn
ions was same as by Xe ions. We conclude that the hard DLC mirror is useful as a sputtering-resistant mirror for not only Xe but also Sn - LPP source.
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